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HIGH PERFORMANCE POWDERED METAL MIXTURES 
FOR SHAPED CHARGE LINERS 



CROSS REFERENCE TO RELATED APPLICATION 

[0001] This is a continuation of co-pending Application No. 

now abandoned 

09/499,174 filed on February 07, 2000 .in the names of David J. 



Leidel and James Phillip Lawson. 
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.... TECHNICAL FIELD OF THE INVENTION _ _ 

[0002] The present invention relates in general to 
explosive shaped charges and, in particular to, high 
performance powdered metal mixtures for use as the liner in a 
shaped charge, particularly a shaped charge used for oil well 
perforating. 
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BACKGROUND OF THE INVENTION 
[0003] Without limiting the scope of the invention, its 
background is described in connection with perforating oil 
wells to allow for hydrocarbon production, as an example. 
Shaped charges are typically used to make hydraulic 
communication passages, called perforations, 'in a wellbore 
drilled into the earth. The perforations are needed as casing 
M : is typically cemented in place with the wellbore. The 

Ci cemented casing hydraulically isolates the various formations 

00 

0 penetrated by the wellbore. 

jj; [0004] Shaped charges typically include a housing, a 

j,. quantity of high explosive and a liner. The liner has a 

jjj generally conical shape and is formed by compressing powdered 

pj metal. The major constituent of the powdered metal was 

typically copper. The powdered copper was typically mixed 
with a fractional amount of lead, for example twenty percent 
by weight, and trace amount of graphite as a lubricant and oil 
to reduce oxidation. 

[0005] In operation, the perforation is made by detonating 
the high explosive which causes the liner to collapses. The 
collapsed liner or jet is ejected from the shaped charge at 
very high velocity. The jet is able to penetrate the casing, 
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the cement and the formation, thereby forming the 
perforations . 

[0006] The penetration depth of the perforation into the 
formation is highly dependent upon the design of the shaped 
charge. For example, the penetration depth may be increased 
by increasing the quantity of high explosive wich is detonated 
to propel the jet. It has been found, however, that 
u increasing the quantity of explosive not only increase 

o 

p penetration depth but may also increase the amount of 

Ki 

p collateral damage to the wellbore and to equipment used to 

S! 

jTj transport the shaped charge to depth. 

Lfl 

= [0007] Attempts have been made to design a liner using a 

□ 

Py powdered metal having a higher density than copper. For 

m 

FU example, attempts have been made to design a liner using a 

rU mixture of powdered tungsten, powdered copper and powdered 

lead. This mixture yields a higher penetration depths than 
typical copper-lead liners. Typical percentages of such a 
mixture might be 55% tungsten, 30% copper and 15% lead. It 
has been found, however, the even greater penetration depths 
beyond that of the tungsten- copper- lead mixture are desirable. 
[0008] Therefore a need has arisen for a shaped charge that 
yields improved penetration depths when used for perforating 
a wellbore. A need has also arisen for such a shaped charge 
3 



having a liner that utilizes a high performance powdered metal 
mixture to achieve improved penetration depths . 
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SUMMARY OF THE INVENTION 

[0009] The present invention disclosed herein comprises a 
liner for a shaped charge that utilizes a high performance 
powdered metal mixture to achieve improved penetration depths 
during the perforation of a wellbore. The high performance 
powdered metal mixture includes powdered tungsten and powdered 
metal binder. The powdered metal binder may be selected from 
the group consisting of tantalum, molybdenum, lead, copper and 
combination thereof. This mixture is compressively formed 
into a substantially conically shaped liner. The mixture may 
additionally include graphite intermixed with the powdered 
tungsten and powdered metal binder to act as a lubricant . 
Alternatively or in addition to the graphite, an oil may 
intermixed with the powdered tungsten and powdered metal 
binder to decrease oxidation of the powdered metal. 

[0010] Tantalum and molybdenum are the preferred components 
of the binder as optimal performance of a shaped charge comes 
from the use of powdered metals that have not only a high 
density, but also, a high sound speed. The product of these 
two properties is called the acoustic impedance of the 
material. It has been determined that it is the acoustic 
impedance of the powdered metal in the shaped charge liner 
that best determines penetration depth, a higher value being 



more desirable. Thus, rather than simply increasing the 
density of the powdered metal mixture, it is more important to 
increase to acoustic density of the mixture to achieved better 
shaped charge performance. 

[0011] In one embodiment of the present invention, the 
liner mixture has approximately 70 to 99 percent by weight of 
tungsten and approximately 1 to 30 percent by weight of either 
tantalum or molybdenum or a combination of tantalum and 
molybdenum. Alternatively, lead may be substituted weight for 
weight with up to 20 percent of the tungsten. Alternatively 
or additionally, copper may be substituted weight for weight 
for a portion of either the tantalum or the molybdenum. 
[0012] In another embodiment of the present invention, the 
liner mixture has approximately 50 to 90 percent by weight 
tungsten and approximately 10 to 50 percent by weight of the 
powder metal binder. The powdered metal binder may have 
approximately 0 to 2 0 percent by weight lead and 1 to 3 0 
percent by weight tantalum or molybdenum. Alternatively, the 
powdered metal binder may have approximately 0 to 2 0 percent 
by weight lead, 1 to 3 0 percent by weight tantalum and 1 to 30 
percent by weight molybdenum. As another alternative, the 
powdered metal binder may have approximately 0 to 20 percent 
by weight lead, 1 to 3 0 percent by weight tantalum or 



molybdenum and 1 to 3 0 percent by weight copper. Each of the 
embodiments of liner mixtures may be incorporated into a 
shaped charge of the present invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] For a more complete understanding of the present 
invention, including its features and advantages, reference is 
now made to the detailed description of the invention, taken 
in conjunction with the accompanying drawings of which: 
[0014] Figure 1 is a schematic illustration of a shaped 
charge having a liner according to the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 
[0015] While the making and using of various embodiments of 
the present invention are discussed in detail below, it should 
be appreciated that the present invention provides many 
applicable inventive concepts which can be embodied in a wide 
variety of specific contexts. The specific embodiments 
discussed herein are merely illustrative of specific ways to 
H make and use the invention, and do not delimit the scope of 

b 

Q the invention. 

m 

0 [0016] Referring to figure 1, a shaped charge according to 

OS the present invention is depicted and generally designated 10. 

y| 

^ Shaped charge 10 has a generally cylindrically shaped housing 

12. Housing 12 may be formed from steel or other suitable 

Hi 

Jj;' material. A quantity of high explosive powder 14 is disposed 

ly within housing 12 . High explosive powder 14 may be selected 

from many that are known in the art for use in shaped charges 
such as the following which are sold under trade designations 
HMX, HNS, RDX, HNIW and TNAZ . In the illustrated embodiment, 
high explosive powder 14 is detonated using a detonating 
signal provided by a detonating cord 16 . A booster explosive 
(not shown) may be used between detonating cord 16 and high 
explosive powder 14 to efficiently transfer the detonating 
signal from detonating cord 16 to high explosive powder 14. 
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[0017] A liner 18 is also disposed within housing 12 such 
that high explosive 14 substantially fills the volume between 
housing 12 and liner 18. Liner 18 of the present invention is 
formed by pressing, under very high pressure, powdered metal 
mixture. Following the pressing process, liner 18 becomes a 
generally conically shaped rigid body that behaves 
substantially as a solid mass. 

[0018] In operation, when high explosive powder 14 is 
detonated using detonating cord 16, the force of the 
detonation collapses liner 18 causing liner 18 to be ejected 
from housing 12 in the form of a jet traveling at very high 
velocity toward, for example, a well casing. The jet 
penetrate the well casing, the cement and the formation, 
thereby forming the perforations. 

[0019] The production rate of fluids through such 
perforations is determined by the diameter of the perforations 
and the penetration depth of the perforations. The production 
rate increases as either the diameter or the penetration depth 
of the perforations increase. The penetration depth of the 
perforations is dependant upon, among other things, the 
material properties of liner 18. Based upon the test data 
presented below, it has been determined that penetration depth 
is not only dependant upon the density of the powdered metal 
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mixture of liner 18 but also upon the sound speed the powdered 
metal mixture of liner 18. More particularly, it is the 
acoustic impedance, which is the product of the density and 
the sound speed, of the powdered metal mixture which 
determines the penetration depth of perforation created using 
liner 18. Thus, to maximize the penetration depth, the 
acoustic impedance of liner 18 should be maximized. 

Table 1 



Element 


Density 
(g/cc) 


Sound Speed 
(km/sec) 


Acoustic 
Impedance 


Tungsten 


19.22 


4.03 


77.45 


Copper 


8.93 


3.94 


35.18 


Lead 


11.35 


2.05 


23 . 27 


Tin 


7.29 


2.61 


19.03 


Tantalum 


16.65 


3.41 


56.78 


Molybdenum 


10 .21 


5.12 


52 .28 



[0020] Table 1 lists the density, the sound speed and the 
acoustic impedance of several metals which may be used in the 
fabrication of liner 18 of the present invention. In theory, 
liner 18 could be made from 100% tungsten as this would yield 
the highest acoustic impedance for the powdered metal mixture 
of liner 18. Manufacturing difficulties, however, prevent 
this from being practical. Because tungsten particles are so 
hard they do not readily deform, particle-against-particle, to 
produce a liner with structural integrity. In other words, a 
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liner made from 100% tungsten crumble easily and is too 
fragile for use in shaped charge 10. Attempts have been made 
to strengthen such liners by adding a malleable material such 
as lead or tin as a binder. As can be seen from table 1, 
these materials, both low densities and sound speeds resulting 
in low acoustic impedances compared to tungsten. Thus, the 
resulting penetration depth of a liner made from a combination 

. of tungsten and either a lead or tin binder is not optimum. 

Pi 

[0021] Liner 18 of the present invention, replaces some or 

i 

q all of the lead or tin with one or more high performance 

si 

fj; materials which is defined herein as a material having an 

m 

s acoustic impedance greater than that of copper. These high 

Q 

ftj performance materials typically have both a high density and 

m 

ft: a high sound speed, thereby resulting in a high acoustic 

9 

rd impedance, and also have suitable malleability in order to 

give strength to liner 18. 

[0022] The powdered metal mixture of liner 18 of the 
present invention comprises a mixture of powdered tungsten and 
one or more powdered high performance materials. For example, 
the powdered metal mixture of liner 18 of the present 
invention may comprises a tungsten- tantalum mixture, a 
tungsten -molybdenum mixture, a tungsten- tantalum-molybdenum 
mixture, a tungsten- tantalum- lead mixture, a tungsten- 
12 



molybdenum- lead mixture, a tungsten- tantalum-molybdenum- lead 
mixture, a tungsten-tantalum-copper mixture, a tungsten- 
molybdenum- copper mixture, a tungsten- tantalum-molybdenum- 
copper mixture, a tungsten-tantalum- lead- copper mixture, a 
tungsten-molybdenum- lead- copper mixture or a tungsten- 
tantalum-molybdenum- lead- copper mixture. In each of the above 
mixtures, the tungsten is typically in the range of 
approximately 50 to 99 percent by weight. The tantalum is 
typically in the range of approximately 1 to 3 0 percent by 
weight. The molybdenum is typically in the range of 
approximately 1 to 30 percent by weight." The copper is 
typically in the range of approximately 1 to 3 0 percent by 
weight. The lead is typically in the range of approximately 
0 to 2 0 percent by weight. The powdered metal mixture of 
liner 18 may additionally include graphite to act as a 
lubricant. Alternatively or in addition to the graphite, an 
oil may mixed into the powdered metal mixture to decrease 
oxidation of the powdered metal. Using the mixtures of the 
present invention for liner 18, the penetration depth of 
shaped charge 10 is improved, compared with the penetration 
depths achieved by shaped charges having liners of 
compositions known in the art. 
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[0023] More specifically, liner 18 of the present invention 
may contain approximately 50 to 90 percent by weight of 
tungsten, approximately 0 to 20 percent by weight of the lead, 
approximately 1 to 3 0 percent by weight of the tantalum and 
approximately 1 to 3 0 percent by weight of the molybdenum. 
Alternatively, liner 18 of the present invention may contain 
approximately 50 to 90 percent by weight of tungsten, 
approximately 0 to 2 0 percent by weight of the lead, 
approximately 1 to 3 0 percent by weight of the tantalum and 
approximately 1 to 3 0 percent by weight of the copper. As 
another alternative, liner 18 of the present invention may 
contain approximately 50 to 90 percent by weight of tungsten, 
l^i approximately 0 to 2 0 percent by weight of the lead, 

[y approximately 1 to 3 0 percent by weight of the molybdenum and 

b 

jpy approximately 1 to 3 0 percent by weight of the copper. Liner 

18 of the present invention may alternatively contain 
approximately 50 to 90 percent by weight of tungsten, 
approximately 0 to 2 0 percent by weight of the lead and 
approximately 1 to 3 0 percent by weight of the tantalum. 
Likewise, liner 18 of the present invention may contain 
approximately 50 to 90 percent by weight of tungsten, 
approximately 0 to 2 0 percent by weight of the lead and 
approximately 1 to 3 0 percent by weight of the molybdenum. 
14 
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[0024] The follow results were obtained testing various 
powdered metal mixtures for liner 18 of shaped charge 10 of 
the present invention. 

Table 2 



Mixture 
(Component Weight %) 


Penetration Depth 
(in.) 


55%W - 27%Ta - 18%Pb 


8 .24 


55%W - 45%Ta 


6.11 


55%W - 20%Cu - 15%Pb - lOTa 


8.72 


55%W - 20%Cu - 15%Pb - lOTa 


7.64 


55%W - 20%Cu - 15%Pb - lOTa 


7.74 


55%W - 10%Cu - 10%Pb - 20Ta 


7.09 



m 

u! 

o 

fii [0025] All of the embodiments described above contain 

rC 

ry tungsten in combination with a high performance material to 

[li provide liner 18 with increased penetration depth when the jet 

is formed following detonation of shaped charge 10. As 
explained above, use of tungsten alone to form liner 18 would 
result in a very brittle and unworkable liner. Therefore, 
tungsten is combined with other materials to give the tungsten 
based liner the required malleability. The present invention 
achieves this result without sacrificing the performance 
shaped charge 10 by combining the powdered tungsten with high 
performance materials such as tantalum and molybdenum. In 
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addition, these mixtures may also contain copper, lead or 
both. 

[0026] While this invention has been described with a 
reference to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various 
modifications and combinations of the illustrative embodiments 
as well as other embodiments of the invention, will be 
apparent to persons skilled in the art upon reference to the 
description. It is, therefore, intended that the appended 
claims encompass any such modifications or embodiments. 
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